Increased mortality (1.5% per week) and low egg production (5-10% lower than normal) were observed in a flock of domestic breeding Pekin ducks (Anas platyrhynchos). At necropsy, salpingitis and peritonitis were the most significant findings. Histologically, there was accumulation of necrotic debris in the lumen of the oviduct. Numerous bacteria and trichomonads were observed histologically in the lumen of the vagina and occasionally in the shell gland. Escherichia coli and a trichomonad were isolated from the oviduct. The trichomonads were oval (6-8 m long, 4.5-6 m wide) and had 4 anterior flagella and an undulating membrane extending over the entire length of the body, finishing in a long posterior flagellum. Morphology was consistent with trichomonads of the genus Tetratrichomonas. Comparative sequence analysis of the 5.8S ribosomal RNA gene and the flanking internal transcribed space regions of the trichomonad isolate did not closely match with available sequences of the same region of other trichomonadid protozoa.
A search of the VMDL case archives over the period of 1993-1999 revealed 4 additional cases of equine foxtail gingivitis/stomatitis. Three of the cases involved single animals, and the fourth case involved 2 horses. Intralesional foxtail awns similar to those described above were visible in all gingival/oral biopsy specimens. Only 1 submitting veterinarian made the association between the onset of clinical signs and the introduction of new hay. This veterinarian found foxtails in the hay and submitted the biopsy specimens with a provisional diagnosis of foxtail stomatitis. Neoplasia was suspected by the submitting veterinarian in each of the other 3 cases. The intralesional awns were associated with a significant eosinophilic infiltrate in 3 of the 4 cases, which is similar to that observed in the stable outbreak reported here.
There are very few reports of grass awn-associated stomatitis in horses, and some reports are anecdotal. Two reported outbreaks in horses incriminated yellow bristle grass (Setaria lutescens), and a third outbreak in horses and cattle was caused by triticale hay. [1] [2] [3] Clinical signs described in the triticale report were more severe than those reported here and included coughing (due to pharyngitis), ptyalism, halitosis, and loss of condition. 2 Affected horses developed sub-mandibular edema and were anorexic. Anorexia was not noted in the affected Missouri horses. The triticale stomatitis cases occurred in Australia, and the Setaria lutescens cases occurred in California and New York. The histologic lesions in the Setaria lutescens-associated outbreaks and the cases decribed in this report were very similar. The inflammatory infiltrate was not described for the New York cases, but in the California horses there was a significant eosinophilic and pyogranulomatous infiltrate.
Foxtail migration should be considered as a differential diagnosis in cases of equine stomatitis when 1 or more animals are involved. Foxtail stomatitis should also be considered when oral neoplasia is suspected. rella multocida infections. 2 One outbreak of necrotic enteritis and secondary salpingitis in a flock of commercial breeder ducks was attributed to trichomonad infection. 6 An outbreak of salpingitis in breeding ducks, without concurrent necrotic enteritis, was associated with Tetratrichomonas sp. and E. coli. Trichomonads were identified morphologically by light and electron microscopy. Comparative sequence analysis of the 5.8 S ribosomal RNA (rRNA) gene and the flanking internal transcribed space regions also was performed.
A 5-10% decrease in egg production and sudden increase in mortality (up to 1.5%/week) in female Pekin ducks (Anas platyrhynchos) were observed in a commercial breeding flock of 1,500 birds. Males from the same flock were clinically normal and did not have increased mortality. The flock was kept indoors with no direct access to ponds. Mortality decreased to 0.8% after 5 days of treatment with tetracycline in the drinking water, but 2 weeks after treatment the mortality again rose to 1.5%. Although hatchability was maintained within the expected values, egg production never reached normal levels.
Seven dead females and 2 live ducks, one female and one male, from the affected flock were submitted to the California Animal Health and Food Safety Laboratory over a 2week period. The ducks were 30-32 weeks old and were emaciated and dehydrated.
The most striking gross lesions in these birds were in the oviduct, which was enlarged and distended, with a congested serosal surface. All the dead female ducks had large, yellowwhite caseous casts filling the lumen of the magnum and part of the isthmus (Fig. 1 ). Mucosal epithelium of the oviduct was necrotic, and the ovary had regressing ova. In addition, 4 of these ducks had fibrin tags on the serosal surface of abdominal organs. The 2 live ducks did not have observable gross lesions.
Sections of vagina, shell gland (uterus), magnum, isthmus, ovary, heart, brain, bone, kidney, liver, and spleen and sections throughout the entire digestive and respiratory tracts were collected, fixed in 10% buffered neutral formalin, embedded in paraffin, sectioned at 4 m, stained with hematoxylin and eosin (HE), and examined by light microscopy. The most severe changes involved the oviduct. Moderate to large amounts of necrotic debris, bacteria, and degranulated heterophils were in the lumen of the oviduct, mainly the vagina and shell gland. Scattered flagellated protozoa were observed within the necrotic debris and on the surface of the mucosa of the vagina and shell gland ( Fig. 2A, 2B ). In these areas, most of the mucosal epithelium was necrotic, and numerous macrophages, lymphocytes, and plasma cells infiltrated the lamina propria.
In the live female, there was infiltration of moderate number of macrophages, lymphocytes, plasma cells, and occasional heterophils in the superficial lamina propria of the vagina and shell gland ( Fig. 2C ). Blood vessels in the reproductive tract were congested. The oviduct lumen did not have caseous material or necrotic debris.
Occasional trichomonads were observed in the lumina of crypts from the ceca of 2 ducks; however, a significant inflammatory reaction was not observed in this tissue. In addition, most of the ducks had moderate, disseminated amyloidosis affecting spleen, liver, and kidney.
Oviduct and liver were plated on 5% sheep blood and MacConkey agars a and incubated at 37 C under 5% CO 2 for a minimum of 48 hours. For Salmonella isolation, oviduct and intestinal contents were selectively enriched in selenite enrichment broth at 42 C for 18-24 hours. After enrichment, selenite broth was plated on brilliant green and XLT4 agars a and incubated at 37 C for an additional 24 hours. Bacteriologic cultures revealed large numbers of E. coli from the oviduct.
The mucosal contents from the vagina, shell gland, and magnum were carefully aspirated with a sterile Pasteur pipette, and the contents were inoculated into Diamond's medium and a commercially available culture system used for diagnosis of bovine venereal trichomoniasis. b This procedure was performed for each region of the reproductive tract (vagina, shell gland, magnum, and isthmus) for each bird. Cultures were incubated at 37 C for 7 days, and trichomonads were recovered in both media from the vagina and shell gland cultures and were observed by wet mount after 12 hours of inoculation. Cells from 2 ml of an actively growing culture of the duck isolate in the commercial isolation system b were put onto ordinary filter paper under light vacuum before processing through critical point drying and sputter coating with gold. The cultures were examined by scanning electron microscopy. c The protozoa were oval (6-8 m long, 4.5-6 m wide), with an anterior nucleus and short axostyle, which protruded Ͻ1 m beyond the body. There were 4 anterior flagella, and an undulating membrane extended over the entire length of the body, finishing in a long posterior flagellum ( Fig. 3 ) consistent with members of the genus Tetratrichomonas.
To obtain DNA from the duck protozoal isolate, 1 ml of an actively growing culture from the commercial isolation system b was pelleted by centrifugation for 2 minutes at 20,800 g. The pellet was resuspended in 200 l of Trisethylenediaminetetraacetic acid buffer, treated with 2.5 g/ ml lysozyme d and 2.5 g/ml proteinase K e , and incubated for 30 minutes at 37 C. Successive extractions were performed with saturated phenol, phenol : chloroform, and chloroform : isoamyl alcohol. e DNA was precipitated from the aqueous phase with 0.5 ml of cold 95% ethanol and 75 l of 3 M sodium acetate, dried under vacuum in a desiccator, and reconstituted in 50 l of water. DNA concentration and purity were determined spectrophotometrically. f For amplification of the 5.8S rRNA gene and flanking internal transcribed spacer regions, previously described primers TFR1 (5Ј-TGCTTCAGTTCAGCGGGTCTTCC-3Ј) and TFR2 (5Ј-CGGTAGGTGAACCTGCCGTTGG-3Ј) g were used. 5 Reactions were performed in 50 l volumes containing 2 U of DNA polymerase, h 1 buffer, i 1.25 mM MgCl 2 , 100 M of each deoxynucleotide triphosphate, 200 ng of DNA template, and 40 pmol of each primer. Polymerase chain reaction (PCR) was performed with 1 cycle of 95 C for 10 minutes, 35 cycles of 95 C for 30 seconds, 60 C for 30 seconds, and 72 C for 1 minute, with a final extension step of 72 C for 7 minutes. j Five microliters of each reaction was run on a 1.5% agarose gel (90 minutes at 6 V/cm), and PCR product was visualized by ethidium bromide staining and ultraviolet transillumination. Tritrichomonas foetus served as a positive control.
Amplified product was cloned into component E. coli using a commercial kit according to the manufacturer's instructions. k Plasmid DNA containing inserts was isolated according to the manufacturer's specifications, l and DNA concentration and purity were determined spectrophotometrically. The cloned insert was amplified using M13 primers and was checked for the correct size as described by the manufacturer. k The M13 amplification product was purified m and se- quenced using M13 primers and automated-fluorescent cycle sequencing. n Both strands were sequenced in triplicate.
Sequence fragments were assembled to create a consensus sequence. o A multiple sequence alignment was prepared that included sequences for the 5.8S rRNA gene and flanking internal transcribed spacer regions of other trichomonadid protozoa obtained from GenBank. The alignment was manually corrected, and a matrix of pairwise distances between sequences was developed. p To correct distances for multiple substitutions at a site, the Jukes-Cantor method was used.
A 372-base pair fragment was generated with primers TFR1 and TFR2. The sequence dissimilarity values for the duck isolate and other trichomonadid protozoa are shown in Table 1 . The lowest percentage of dissimilarity with the duck isolate was seen with Trichomonas vaginalis (26.61%) and Pentatrichomonas hominis (26.82%). The sequence for the duck isolate described in this report has been deposited in the GenBank database under accession no. AF236105.
A number of different trichomonads have been reported from birds, and these organisms mainly affect the digestive tract ( Table 2) . Trichomonas gallinae most commonly infects the upper digestive tract of pigeons and other commercial poultry, where it may cause caseous necrosis on the surface of the oropharynx. 7 A common inhabitant of the cecum in chickens, turkeys, and other gallinaceous birds is Tetratrichomonas gallinarum; however, there is no confirmation of its pathogenicity. 8 Tetratrichomonas anatis is considered a common, nonpathogenic inhabitant of the small intestine of ducks. 4 However, outbreaks of enteritis in ducks have been linked to infections with T. anatis. 6, 11 In severe cases of enteritis, T. anatis may enter the oviduct from the cloaca, causing salpingitis. 6 Tetratrichomonas anseris has been described only in the cecum of geese and is considered a nonpathogenic trichomonad. 3, 10 In the present outbreak, the protozoa were morphologically most similar to those of the genus Tetratrichomonas and differed in size and/or number of flagella from other trichomonads commonly recovered from ducks, including T. anatis and Trichomonas gallinae.
The dimensions and number of flagella are similar to those of Tetratrichomonas anseris. 10 The lesions in the ducks of this report were confined primarily to the oviduct, and enteritis was not observed, which suggests that a trichomonadassociated enteritis was not an underlying factor for the development of salpingitis. By comparative sequence analysis, this Tetratrichomonas species, although substantially different from all of the sequences available, was most similar to Trichomonas vaginalis, which normally enters during copulation and infects the reproductive tract of humans. 3 Sequences for Tetratrichomonas anatis and T. anseris were not available for comparison. Salpingitis due to bacterial infection was described as an important cause of condemnation in ducks at slaughter 2 ; however, aerobic bacterial cultures were the only tests performed in that study. The most common bacteria recovered from the oviduct of ducks are E. coli and P. multocida. 1, 2 Escherichia coli was isolated also from the oviduct of the ducks in this report. In birds, E. coli may be an opportunistic invader when host defenses have been impaired. Salpingitis in ducks and geese, due to E. coli, may follow entry of coliforms from the cloaca or bacterial infection of the left abdominal air sac. 1 Tissue reaction in the oviduct is characterized by a large number of heterophils in the lamina propria, 1 but in this report, increased numbers of macrophages, lymphocytes, plasma cells, and only occasional heterophils were observed in the lamina propria of the birds, even those with mild changes.
Both, trichomonads and E. coli have been associated with salpingitis and vaginitis, causing mucosal inflammation with necrosis. Damage to the epithelium of the reproductive tract then may allow secondary infections to develop. Because both trichomonads and E. coli were isolated from oviduct, it is difficult to determine whether either played a primary role in the disease. Further investigation is needed to identify the route of transmission and contributing factors involved.
